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different SNX groups. Urinary albumin excretion went in paral-Cigarette smoke condensate aggravates renal injury in the re-
lel with the indices of glomerulosclerosis and tubulointerstitialnal ablation model.
damage and urinary endothelin-1 excretion was significantlyBackground. Cigarette smoking increases the risk of pro-
increased in SNX  cigarette animals.gression of diabetic and non-diabetic renal diseases. The mech-
Conclusion. These findings document that acetone solubleanisms underlying the adverse effects of smoking are largely
components in cigarette smoke aggravate glomerulosclerosisunknown. We examined the subtotally nephrectomized rat (i)
and tubulointerstitial damage in the renal ablation model. Re-to investigate whether components of cigarette smoke dis-
nal injury induced by cigarette smoke condensate in this modelsolved in acetone (cigarette smoke condensate) aggravate
is reversed by renal denervation. We conclude that cigarettestructural renal damage and (ii) to establish whether this pro-
smoke-induced renal damage is due, at least in part, to activa-vides an animal model that can be used to investigate potential
pathomechanisms of cigarette smoke-induced renal damage. tion of the sympathetic nerve system.
Since nicotine activates the sympathetic nerve system in hu-
mans, we investigated whether interference with this system
modulates the effects of cigarette smoke condensate on the
Smoking is the leading cause of preventable morbiditydamaged kidney.
and premature mortality in developed countries [1]. TheMethods. One group of Sprague-Dawley rats was subtotally
nephrectomized (SNX). Acetone (SNX solvent) or cigarette main health complications attributable to smoking are
smoke condensate (SNX  cigarette) was applied daily to the cardiovascular disease, cancer and chronic obstructive
oral mucosa. Another group of Sprague-Dawley rats was sham- pulmonary disease [1, 2]. It has been estimated that oneoperated and received the same treatments (sham  solvent,
fifth of all heart disease-related deaths are due to ciga-sham  cigarette). To investigate whether increased activity
rette smoking [3].of the sympathetic nerve system is involved, the remnant kid-
ney was denervated by microsurgical technique in one SNX  Apart from these well-known adverse health effects,
cigarette group. The control group for this intervention was a smoking has recently emerged as a major risk factor for
solvent-treated SNX group with denervated remnant kidney. the progression of renal diseases [reviewed in 4, 5]. TheBlood pressure (BP) was measured weekly by tail plethysmo-
discontinuation of smoking is thought to be the singlegraphy. The experiment was terminated after 12 weeks. Struc-
most effective measure to retard progression of renaltural renal damage was assessed by morphometric techniques
(indices of glomerulosclerosis, tubulointerstitial and vascular failure [6].
damage) and urinary albumin and endothelin-1 excretion were Smoking is an independent risk factor that dose-
measured. dependently increases urinary albumin excretion in theResults. Indices of structural renal damage were increased
general population [7]. In epidemiologic studies, smok-in all SNX-groups. Treatment with cigarette smoke condensate
ing was the most potent predictor of albuminuria in es-further increased the indices of glomerulosclerosis and tubulo-
interstitial damage in SNX, but not sham-operated rats. This sential hypertension [8, 9]. Regalado, Yang and Wesson
increase was completely prevented by renal denervation. No performed a prospective study including 51 patients with
differences in systemic blood pressure were observed in the essential hypertension for a mean follow-up of 35.5
months [10]. Smoking was the most potent independent
predictor of a decline in renal function. A smoking-relatedKey words: progressive renal disease, renal failure, smoking, nicotine,
glomerulosclerosis, sympathetic nervous system. risk for renal functional deterioration also has been doc-
umented in the Multiple Risk Factor Intervention TrialReceived for publication March 29, 2001
(that is, in a large general male population of the Unitedand in revised form November 15, 2001
Accepted for publication February 5, 2002 States [11]), in an elderly nondiabetic population [12],
and in several epidemiologic studies investigating pa- 2002 by the International Society of Nephrology
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tients with diabetes mellitus [reviewed in 4, 5] and pri- of the renal remnant by microsurgical technique (to eval-
uate the potential role of sympathetic activation [5, 6]).mary renal disease [13–15].
The pathomechanisms by which tobacco smoke exerts The rationale for investigating a potential role of sympa-
thetic activation in smoking-induced renal damage wasits adverse effects are only partly understood [4, 5]. It
is particularly difficult to define which components of that (i) it is thought to be one of the most important
players in smoking-induced renal damage and (ii) it iscigarette smoke are directly responsible for a given ad-
verse health event. Cigarette smoke is an aerosol com- activated by nicotine per se [6]. In contrast to other
components of cigarette smoke, the uptake of nicotineposed of volatile agents in the vapor phase and of semi-
volatiles in the particulate phase [16]. Not taking into can easily be determined by measurement of its metabo-
lite cotinine in the urine.account flavor additives, pesticides, agricultural chemi-
cals used for cultivation of tobacco, or metals (of which
at least 30 have been identified in cigarette smoke), about
METHODS95% of the weight of the mainstream smoke of a non-
Animalsfilter cigarette is composed of 400 to 500 individual gas-
eous compounds and the remainder of the smoke weight Fifty-nine male Sprague-Dawley rats (weighing 200 g;
is composed by more than 3500 individual components Invanovas Co., Kisslegg, Germany) were housed in sin-
in the particulate phase [16]. gle cages at constant temperature (20C) and humidity
As far as the pathogenesis of atherosclerosis is con- (25%) using a pair-feeding protocol. The rats were given
cerned, the damage of vascular endothelium induced by a high protein (40%) diet, with a relatively low salt con-
components of cigarette smoke is thought to be a major tent (0.6% NaCl; Altromin, Lage, Germany). After
step in its development [17]. Furthermore, nicotine per seven days of adaptation, the animals were randomly
se activates the sympathetic nervous system leading to allocated to sham operation (sham) or subtotal nephrec-
an increase in heart rate and blood pressure [6], thus tomy (SNX).
contributing to the development of atherosclerosis [18].
Renal ablationActivation of the sympathetic nervous system is of inter-
est in a renal context, because it has recently been impli- First, the right kidney was removed under anesthesia
cated to play a major role in the pathogenesis of progres- with xylazine (5 mg/kg body weight) and ketamine (100
sion of renal diseases [19–21]. mg/kg body weight), which was administered subcutane-
To obtain insights into the structural renal damage ously. Seven days later, the cortex of the left kidney was
conferred by cigarette smoke components and the patho- partially resected by removing a quantity corresponding
mechanisms leading to these structural alterations, an to two thirds of the weight of the resected right kidney.
animal model would be of great help. For this reason it Twenty-one control animals were sham-operated by de-
was the aim of the present study to develop a model capsulating the kidney. Special care was taken to avoid
that reproduces the adverse effect of cigarette smoking damage to the adrenals. Using microsurgical technique
on the diseased kidney. Although in the past rats had the kidneys of 20 randomly chosen SNX animals were
successfully been exposed to cigarette smoke using denervated via midline laparotomy five days after re-
smoking machines, this procedure is tedious, expensive moval of the right kidney. To this end, the left kidney
and does not cause major absorption of cigarette smoke was decapsulated and the left renal artery and vein were
components according to pilot studies (A. Rees, London; exposed from the aorta to the renal hilus using the opera-
personal communication). Therefore, we used an estab- tion microscope. Special care was taken to remove any
lished model of smoking used to investigate carcinogene- connective tissue adjacent to the renal vessels. Thereaf-
sis, that is, application of an acetone extract of cigarette ter, 10% phenol dissolved in ethanol was applied on
smoke (cigarette smoke condensate) on the oral mucosa the renal vein and the renal artery, respectively. This
of rats, which was performed in animals with subtotal procedure was performed to damage any remaining re-
surgical renal ablation (SNX). In contrast to smoking nal nerves not destroyed by the microsurgical procedure.
machines, this procedure is practicable and the cigarette In a recent study we had shown that this technique in-
duces complete renal denervation for the entire durationsmoke components in cigarette smoke condensate are
of the 12-week experiment (abstract; J Am Soc Nephrolwell reabsorbed via the oral mucosa. The model was
11:626A, 2000).investigated to (i) define the yet unknown histological
characteristics of renal damage induced by cigarette
Experimental protocolsmoke components and (ii) to evaluate whether the
model is able to provide mechanistic insights into ciga- The animals were randomly allotted to the following
groups: sham solvent (N 10), sham cigarette (Nrette smoke-induced renal damage. To the latter end,
SNX-rats, thus treated, were subjected to denervation 11), SNX  solvent (N  9), SNX  cigarette (N  9),
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SNX denervation (N 8), and SNX denervation endothelin-2 (27.4%) and endothelin-3 (7.8%), but does
not cross react with big endothelin.cigarette (N 12). Denervation indicates renal denerva-
tion. Cigarette indicates treatment with cigarette smoke
Statisticscondensate (dissolved in acetone containing 0.15 g nico-
Data are given as mean  SD. Statistical analysis wastine/100 mL) that was applied to the oral mucosa daily
performed using one-way ANOVA, followed by thewith a cotton flock. Cigarette smoke condensate was
Bonferroni-Dunn multiple range test. A probability ofproduced by Austria Tabakwerke Aktiengesellschaft (Vi-
error of P 0.05 was accepted as statistically significant.enna, Austria). American Blend cigarettes were smoked
using a routine analytical cigarette smoking machine fol-
lowing international standards (DIN/ISO 3308:1991) for RESULTS
the production of cigarette smoke condensate. The sub- Animal data
stances of cigarette smoke are retained in a Cambridge
Blood pressure. Blood pressure (BP) was higher inglass fiber filter to be later washed off with the solvent
SNX-groups as compared to sham-operated animals. BPacetone.
increased throughout the experiment in SNX groups.Treatment with cigarette smoke condensate or solvent
Neither cigarette smoke extract, nor renal denervation
was started on the first day after the second operation,
affected BP (Table 1).
that is, subtotal nephrectomy or sham-operation, respec- Body weight. Body weight at the end of the experi-
tively. Blood pressure (BP) was measured at the begin- ment was approximately 350 g; no significant differ-
ning of the experiment and then weekly by tail plethys- ences were observed between the experimental groups
mography. Twenty-four-hour urine and blood samples (Table 2).
were obtained in all animals during the first and last Kidney weight. Weight of the perfused remnant kid-
weeks of the experiment (measurement of urinary albu- ney of SNX (or left kidney in sham rats) differed as fol-
min and endothelin excretion, as well as routine blood lows: sham  solvent 2.1  0.24 g; sham  cigarette
chemistry and hematology). In addition, during the last 1.8 0.16 g; SNX solvent 2.6 0.33 g; SNX cigarette
week of the experiment, 24-hour urine sampling was 2.0  0.27 g; SNX  denervation 1.9  0.26 g; SNX 
performed in all SNX  solvent and SNX  cigarette cigarette denervation 2.1 0.52 g (*P 0.05 vs. SNX
animals to measure urinary cotinine excretion as a solvent).
marker for the presence of significant systemic nicotine Electrolytes and hematology. Serum sodium, potas-
uptake. Twelve weeks after the second operation (third sium and calcium did not differ significantly between the
operation in denervated groups), the experiment was experimental groups, and the same was true for hemoglo-
bin, hematocrit, white blood cell and platelet countsterminated by perfusion fixation at a controlled pressure
(data not shown).of 110 mm Hg as previously described [22].
Serum creatinine and urea. At the end of the experi-
Morphological investigations of the kidney ment, serum creatinine and serum urea concentrations
were higher in all SNX groups as compared to sham-The kidneys were weighed and dissected in a plane
operated groups. Neither cigarette extract nor renal de-perpendicular to the interpolar axis, yielding slices of 1 mm
nervation affected these parameters (Table 2).width. Tissue slices were embedded in paraffin, 4 m
Serum cholesterol and triglycerides. At the end of thesections were stained with hematoxylin & eosin (H&E)/
experiment, total cholesterol was lower in sham-oper-periodic acid-Schiff (PAS) and analyzed using morpho-
ated animals (sham  solvent and sham  cigarette) asmetric techniques by a blinded observer as previously
compared to SNX  solvent and SNX  cigarette ani-described in detail [23].
mals: 80  17 mg/dL and 83  13 mg/dL vs. 111  23
mg/dL and 110  23 mg/dL (P  0.05), respectively.Blood and urine measurements
Denervated groups (SNX  denervation and SNX 
Routine blood parameters were measured with a Hi- cigarette  denervation) had slightly, but not signifi-
tachi 9-17E. Cotinine in the urine was determined by cantly lower serum cholesterol levels than SNX solvent
mass spectroscopy in a commercial laboratory (Gemein- and SNX  cigarette animals: 98  19 mg/dL and 93 
schaftspraxis Limbach et al, Heidelberg, Germany). Uri- 22 mg/dL, respectively. In contrast, triglycerides did not
nary albumin was measured using the microplate tech- differ significantly between experimental groups (data
nique (sandwich ELISA) as described in detail [24]. not shown).
Urinary endothelin-1 was measured using the QuantiGlo Urinary albumin excretion. At the end of the experi-
chemiluminescence immunoassay (solid-phase ELISA) ment, the rate of urinary albumin excretion was higher
according to the manufacturer’s guidelines (R&D Sys- in all SNX groups as compared to sham-operated groups.
Cigarette smoke condensate further increased albumin-tems, Wiesbaden, Germany). It slightly cross reacts with
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Table 1. Sysolic blood pressure (mm Hg)
Groups Week 1 Week 3 Week 5 Week 7 Week 10 Week 12
Sham  solvent (N  10) 10515a 1067b 10810b 1127b 11110b 1166b
Sham  cigarette (N  11) 1039a 1018b 10517b 1069b 11615b 1166b
SNX  solvent (N  9) 1273 1378 1363 1386 1447 15213
SNX  cigarette (N  9) 1229 13115 1374 1386 1446 15713
SNX  denervation (N  8) 1263 1325 1353 1363 1404 1456
SNX  cigarette  denervation (N  12) 11516 12510 13112 13210 14313 14511
No statistically significant differences were found between the SNX groups (ANOVA). Abbreviations are: SNX, subtotal nephrectomy; sham, sham operation;
cigarette, cigarette smoke condensate administered on the oral mucosa daily from the first day after the last operation; denervation, renal denervation on the day
before the second operation of subtotal nephrectomy or sham operation, respectively. Data are given as mean  SD.
a P  0.001 vs. all SNX groups except SNX  cigarette  denervation
b P  0.001 vs. all SNX groups
Table 2. Body weight, serum creatinine, serum urea, urinary albumin and endothelin-1 excretion
SNX  cigarette 
Sham  solvent Sham  cigarette SNX  solvent SNX  cigarette SNX  denervation denervation
(N  10) (N  11) (N  9) (N  9) (N  8) (N  12)
Week 1
Body weight g 1997 2006 1987 2018 1987 1996
Serum creatinine
mg/dL 0.580.05a 0.600.04 0.640.05 0.650.04 0.650.04 0.630.04
Serum urea
mg/dL 506 505 535 555 537 526
Urinary albumin
excretion mg/24 h 84b 93b 449c 5015c 2511 227
Week 12
Body weight g 3588 35510 3509 3529 3487 34910
Serum creatinine
mg/dL 0.620.06d 0.590.07d 0.870.07 0.940.13 0.730.07e 0.870.36
Serum urea
mg/dL 516f 548f 10037 11423 8220 10833
Urinary albumin
excretion mg/24 h 144g 46g 20848 306104h 11423hi 188132ij
Urinary ET-1
excretion pg/24 h 2.60.58 3.10.32 7.12.9 19.512.0k 3.40.93 3.61.1
Abbreviations are: SNX, subtotal nephrectomy; sham, sham operation; cigarette, cigarette smoke condensate administered on the oral mucosa daily from the first
day after the last operation; denervation, renal denervation on the day before the second operation of subtotal nephrectomy or sham operation, respectively; ET-1,
endothelin-1. Data are given as mean  SD.
a P  0.05 vs. SNX  cigarette and SNX  denervation
b P  0.05 vs. all SNX groups
c P  0.001 vs. SNX  denervation and SNX  denervation  cigarette
d P  0.05 vs. SNX  solvent, SNX  cigarette, SNX  denervation  cigarette
e P  0.05 vs. SNX  cigarette
f P  0.01 vs. SNX  solvent, SNX  cigarette, SNX  denervation  cigarette
g P  0.01 vs. all SNX groups
h P  0.01 vs. SNX  solvent
i P  0.001 vs. SNX  cigarette
j P  0.05 vs. SNX  denervation
kP  0.001 vs. all groups
uria in SNX, but not sham-operated animals. Renal de- Structural renal damage
nervation attenuated the increase in albuminuria ob- Glomerulosclerosis. The glomerulosclerosis index was
served in SNX  cigarette animals (Table 2). increased in all SNX groups compared to sham-operated
Urinary endothelin-1 excretion. At the end of the ex- groups (Figs. 1 and 2). SNX animals treated with ciga-
periment, the rate of urinary endothelin-1 excretion was rette smoke condensate (SNX  cigarette) had a signifi-
significantly higher in SNX  cigarette animals as com- cantly higher glomerulosclerosis index than SNX-ani-
pared to the other experimental groups (Table 2). mals treated with solvent. Cigarette smoke condensate
Urinary cotinine excretion. Cotinine excretion in the did not affect the glomerulosclerosis index in sham-oper-
urine of SNX  cigarette animals was 8.2  3.2 g/L. ated animals, however. In the SNX cigarette rats, renal
In contrast, cotinine excretion in the urine of SNX  denervation reduced the degree of glomerulosclerosis.
The glomerulosclerosis index in this latter group wassolvent animals was 0.14  0.59 g/L (P  0.001).
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Vascular damage. Vascular damage was increased in
all SNX groups compared to sham-operated groups. The
only significant difference in SNX groups was a lower
vascular damage index in SNX  denervation animals
versus all other SNX groups [Figs. 1 and 2].
DISCUSSION
Epidemiological investigations document that in sub-
jects without intrinsic renal disease, smoking causes some
renal injury in the long-term, causing end-stage renal
disease (ESRD) in some subjects. In contrast, in individ-
uals with preexisting inflammatory or non-inflammatory
renal disease, smoking accelerates the rate of progression
and causes earlier onset of renal failure [6, 13–15].
In line with these epidemiologic observations the pres-
ent study shows that in rats with subtotal surgical renal
mass ablation (SNX), a model of severe renal injury,
relatively brief exposure of the oral mucosa to acetone
extractable components of cigarette smoke aggravates
the histological indices of renal damage and the urinary
excretion rate of albumin and endothelin-1. No signifi-
cant renal injury was seen in sham-operated animals
exposed to cigarette smoke extract for 12 weeks.
The selection of the acetone extract requires comment.
Although the exposure of rats to cigarette smoke is tech-
nically possible, we aimed to develop an animal model
that is (i) characterized by absorption of significant
amounts of cigarette smoke components (which is less
than ideal when smoking machines are used; see intro-
duction) and (ii) practical. The acetone extract is ab-
sorbed as reflected by the urinary excretion of cotinine,
a metabolite of nicotine [25]. Cotinine was measured as
an index to prove systemic absorption of cigarette smoke
components and not in order to prove that in this model
renal damage is induced exclusively by nicotine.
The experiment was planned as proof of the principle
that in the injured kidney renal damage is aggravated
by cigarette smoke components. Since histological indi-Fig. 1. Indices of structural renal damage (arbitrary units): (A) Glo-
ces are most sensitive indices of renal damage, the pres-merulosclerosis index; (B) Tubulointerstitial damage index; (C) Vascu-
lar damage index. Symbols are: ( ) sham  solvent, () sham  ent study focused on these parameters. We are aware
cigarette, ( ) SNX solvent, ( ) SNX cigarette, ( ) SNX dener- of the need to have further information on items suchvation, () SNX  denervation  cigarette. *P  0.001 vs. all SNX
as cytokines, chemokines and their receptors, cell cyclegroups; †P  0.001 vs. SNX  solvent; ‡P  0.001 vs. SNX  cigarette;
||P  0.001 vs. SNX  denervation; ¶P  0.01 vs. SNX  solvent; proteins, injury-related systems such as the renin-angio-
P  0.05 vs. SNX  cigarette  denervation; §P  0.01 vs. SNX  tensin system, endothelin system or prostaglandin sys-denervation. Abbreviations are: SNX, subtotal nephrectomy; sham,
tem, etc., to fully understand the mechanisms involved.sham operation; cigarette, cigarette smoke condensate administered
on the oral mucosa daily from the first day after the last operation; We measured blood pressure by tail plethysmography,
denervation, renal denervation on the day before the second operation
which did not show significant differences betweenof subtotal nephrectomy. Data are given as mean  SD.
treated and untreated SNX rats, but we acknowledge
that more sensitive techniques, such as telemetry, will be
necessary to firmly exclude injury resulting from elevatedcomparable to that in SNX animals treated with solvent
blood pressure or intermittent elevations of blood pres-(SNX  solvent).
sure.Tubulointerstitial damage. The degree of tubulointer-
A prerequisite for the ability of the model to detectstitial damage in all groups went in parallel with glomeru-
losclerosis [Figs. 1 and 2]. aggravation of renal damage was relative homogeneity
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of the degree of renal ablation. That this goal was met histology. Furthermore, urinary endothelin-1 excretion,
is documented by the relative small variance of serum which is known to correlate with renal damage both in
creatinine concentrations. This was achieved by weighing humans and rats [26, 27], was significantly increased in
the amount of cortical tissue removed from the kidney SNX  smoking animals. This increase was completely
remnant after compensatory hypertrophy had occurred inhibited by denervation of the renal remnant.
following the preceding uninephrectomy. No adverse effect of cigarette smoke condensate was
Despite daily treatment of the oral mucosa, food con- seen in sham-operated animals in contrast to SNX rats.
sumption, as an important confounder in a renal damage Although this clearly proves that kidneys with preex-
model, was not affected (data not given). This also is isting lesions are more sensitive to cigarette smoke-
reflected by the identical body weights. In order to ex- induced injury, it does not definitively exclude more sub-
clude potential toxic effects from exposure to acetone, tle damage in kidneys without preexisting lesions, as
solvent-treated rats received acetone, which did not suggested by the epidemiological observation that ciga-
modify behavior and food intake in the control animals. rette smoking predisposes to microalbuminuria in sub-
Although the degree of additional damage conferred jects without primary renal disease [7]. Whether this
by exposure to cigarette smoke extract was relatively finding can be reproduced with higher doses of the ex-
modest, we emphasize that the duration of the experi- tract or prolonged duration of the experiment remains
ment was relatively short, only 12 weeks. In future stud- to be seen.
ies, long-term exposure to cigarette smoke extract might The scientific value of such a model depends on
be advisable to more closely imitate the effects of pro- whether it is suitable to assess the pathomechanisms
longed exposure to cigarette smoke, comparable to what underlying the nephrotoxic effect of smoking. To address
is seen in clinical observations. The propensity of the this issue we selected the sympathetic nervous system,
model to progressive renal injury was heightened by based on a priori considerations, because it is a likely
offering a high protein diet. This was necessary because candidate to be involved in smoking-induced aggrava-
renal reinnervation is detectable after 13 weeks of de- tion of renal injury [6]. We emphasize, however, that
nervation (our unpublished data). In an 18-week study additional mechanisms (as recently reviewed in detail
comparing SNX solvent versus SNX cigarette in ani- [6]), for example, endothelial cell damage, generation of
mals on normal protein diet, we found comparable histo- reactive oxygen species, cytotoxic effects, apoptosis of
logical alterations as in the present study (data not endothelial cells, etc., are by no means excluded.
shown), so that the high protein diet can be excluded as The sympathetic nerve system was selected, because
a confounder of the smoking-induced renal damage. In smoking causes intense sympathetic activation [28, 29]
order to exclude major confounding effects of hyperten-
and because strong sympathetically mediated hemody-
sion, a relatively low dietary salt content was chosen. A
namic effects have been shown in the kidneys of smokerscertain shortcoming of the model is that exposure to
[30, 31]. An etiological role of sympathetic overactivitycigarette smoke condensate was intermittent, that is,
is supported by our present observation that denervationonce per day, in contrast to the more frequent or quasi-
prevented the effect of cigarette smoke extract to aggra-continuous exposure in habitual smokers. As an aside,
vate histological indices of renal damage, as well as theirrelevant with respect to renal damage, but illustrative
increase in urinary albumin and endothelin-1 excretion.of the addictive potential of nicotine, it was interesting
Renal denervation has been shown to lower blood pres-that rats initially fought against application of the con-
sure [32] even in models not involving renal damage. Indensate, while after two to three weeks they actively
our study there were no significant differences in sys-searched for the condensate and even made active efforts
temic blood pressure between the denervated and non-to be treated.
denervated SNX rats (although, as mentioned above,The detailed mechanism(s) through which acetone sol-
subtle blood pressure differences cannot be definitelyuble cigarette smoke condensate aggravates renal injury
excluded). Nevertheless, a blood pressure-independentis unknown. The present study shows that both glomeru-
role of sympathetic overactivity would appear plausiblelar and tubulointerstitial damage was aggravated by
in light of the recent observation of Amann et al [20]treatment with cigarette smoke extract. There was appar-
that pharmacological blockade of the sympathetic systemently no effect on vascular damage, but this may be
with subhypotensive doses of moxonidine amelioratesa sampling artifact; for example, the extract may have
glomerular damage and albuminuria in the SNX rataffected only circumscribed segments of the vasculature
model.or the vascular structures may not have been sampled
Obviously, interference with a potential effectorwith sufficient frequency. In line with more severe glo-
mechanism abrogates the additional renal injury inducedmerular injury, we also noted higher rates of urinary
by cigarette smoke extracts in the SNX rat. This model,albumin excretion. This observation documents the in
vivo relevance of the glomerular lesions observed by using cigarette smoke condensate, is promising and will
Odoni et al: Cigarette smoke condensate-induced renal damage2096
Fig. 2. Representative photomicrographs of
glomerulosclerosis (2A), tubulointerstitial (2B)
and vascular changes (2C) in sham-operated
and subtotally nephrectomized (SNX) rats
treated with solvent (panels A and B, respec-
tively), as well as SNX and SNX rats with
renal sympathectomy treated with cigarette
smoke condensate (panels C and D, respec-
tively).
(2A) Glomerular changes (paraffin sections,
PAS stain). (Panel A) Normal glomerulus of
a sham-operated rat treated with solvent.
(Panel B) Glomerulus of a SNX rat treated
with solvent showing mild glomerulosclerosis,
that is, mild mesangial matrix expansion.
(Panel C) Glomerulus of a SNX rat treated
with cigarette smoke condensate showing
marked glomerulosclerosis with mesangial
matrix expansion, mesangial cell hyperplasia,
capillary obliteration and synechia of the glo-
merular tuft to Bowman’s capsule. (Panel D)
Glomerulus of a SNX rat with renal sympa-
thectomy that was treated with cigarette smoke
condensate. Glomerulosclerosis is markedly
lower than in Panel C. Only mild mesangial
expansion is notable.
(2B) Tubulointerstitial changes (paraffin
sections, PAS stain). (Panel A) Normal tubu-
lointerstitium of a sham-operated rat treated
with solvent. (Panel B) Tubulointerstitium of
a SNX rat treated with solvent showing focal
tubular atrophy and dilation, mild interstitial
inflammation and beginning fibrosis. Arrows
denote atrophic tubuli; and asterisk (*) is a
dilated tubule. (Panel C) Tubulointerstitium
of a SNX rat treated with cigarette smoke
condensate showing marked tubular atrophy,
interstitial inflammation and fibrosis. Arrows
denote the atrophic tubuli. (Panel D) Tubu-
lointerstitium of a SNX rat with renal sympa-
thectomy that was treated with cigarette
smoke condensate. Tubulointerstitial changes
are less than in Panel C; only focal tubular
atrophy and dilation, mild interstitial inflam-
mation and beginning fibrosis are notable.
Arrows denote the atrophic tubuli, asterisk
(*) denotes the dilated tubuli, and V points
out a blood vessel.
allow further investigations of the pathomechanism(s) tigate the effect of smoking on glomerulosclerosis and
vascular damage. Most of these patients suffered frominvolved in the nephrotoxic effect of smoking.
glomerular disease with marked proteinuria. Smoking
was not associated with the severity of glomerulosclero-
NOTE ADDED IN PROOF sis. As compared to nonsmokers, ever-smokers exhibited
In a recent renal biopsy study by Lhotta et al (Kidney more severe myointimal hyperplasia, which was particu-
Int 61:648–654, 2002), the histological findings of 107 larly evident in male patients 50 years of age. The
negative finding concerning the severity of glomerulo-patients with chronic renal failure were assessed to inves-
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Fig. 2. (Continued).
(2C) Vascular changes (paraffin sections,
PAS stain). (Panel A) Normal intrarenal ar-
tery of a sham-operated rat treated with sol-
vent. (Panel B) Neonormal intrarenal artery
of a SNX rat treated with solvent. Wall thick-
ness is slightly increased. (Panel C) Intrarenal
artery of a SNX rat treated with cigarette
smoke condensate showing slightly increased
wall thickness and perivascular/tubulointersti-
tial inflammation. (Panel D) Intrarenal artery
of a SNX rat with renal sympathectomy that
was treated with cigarette smoke condensate.
The changes observed in Panel C are not de-
tectable.
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